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ABSTRACT A new peptide having gonadotropin-releas-
ing activity distinct from the known luteinizing hormone-re-
leasing hormones (LHRHs) has been identified in a chicken
hypothalamic extract. The existence of [Gln8]LHRH in avian
hypothalamus has been reported previously. The new molecu-
lar species of gonadotropin-releasing activity, named chicken
gonadotropin-releasing hormone II (chicken GnRH-II), has
been isolated recently in a yield of 7 ,jg, starting from 10,000
chicken hypothalami. Structural analyses have been per-
formed on the peptide fragments derived from chymotryptic
and thermolytic digests of chicken GnRH-II by amino acid
analyses and terminal analyses. The full sequence of chicken
GnRH-II has been determined to be: pGlu-His-Trp-Ser-His-
Gly-Trp-Tyr-Pro-Gly-NH2. A synthetic decapeptide with the
above sequence was verified to be chromatographically identi-
cal to natural chicken GnRH-II. For further structural confir-
mation, chymotryptic and thermolytic peptides from synthetic
and natural chicken GnRH-II also were identified. Thus, the
structure of chicken GnRH-II has been definitely established.
The gonadotropin-releasing potency of chicken GnRH-II was
about 32% of that of mammalian LHRH and 8 times more
potent than chicken LHRH, as estimated from the bioassay
with rat anterior pituitary cells. Our results indicate that go-
nadotropin secretion is probably controlled by two distinct
GnRHs, at least in avian species.

Since the structural determination of porcine hypothalamic
luteinizing hormone (LH)-releasing hormone (LHRH) in
1971 (1), the concept has widely been acepted that gonado-
tropin secretion is controlled by a sole gonadotropin-releas-
ing hormone (GnRH), such as mammalian LHRH. On the
other hand, we have demonstrated that gonadotropin secre-
tion is not controlled by LHRH under certain physiological
and experimental conditions (2). However, there has been
no structural evidence that two or more than two GnRHs
coexist and function in any vertebrate.
The present paper represents the structural demonstration

of the existence of two different GnRHs at least in avian
species.

Recently, we (3, 4) and King and Millar (5-7) have inde-
pendently isolated chicken LHRH and determined its struc-
ture as [Gln8]LHRH. We have purified chicken LHRH by
monitoring its biopotency towards rat anterior pituitary
cells. During the course of the purification, another gonado-
tropin-releasing activity was found in the chicken hypotha-
lamic extract, which was well separated from that due to

chicken LHRH on ion-exchange chromatography.
The present paper describes the isolation and structural

determination of the second GnRH in chicken hypothalamic
extract (designated chicken GnRH-II).
Chicken GnRH-II has been purified by successive gel fil-

tration, ion-exchange HPLC and reverse-phase HPLC. A
pure peptide has been isolated in a yield of 7 pg (6 nmol),
starting from 10,000 chicken hypothalamic fragments.
The amino acid composition of the peptide indicated a

decapeptide structure consisting of SerGlxPro1Gly2Tyrl-
His2Trp2. By amino acid analyses and terminal analyses of
enzymatic fragments derived from the purified decapeptide,
the complete structure of chicken GnRH-II has been deter-
mined to be: pGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-
NH2.
The present paper also describes the gonadotropin-releas-

ing activity of chicken GnRH-II compared with that of mam-
malian LHRH.

MATERIALS AND METHODS
Assay of Gonadotropin-Releasing Activity. Gonadotropin-

releasing activity was estimated on the rat anterior pituitary
cell culture system as reported (3).

Anterior pituitaries were obtained from female Holzman
rats (180- to 220-g body weight), agitated in trypsin solution
(0.25%), and finally dispersed with 1% Viokase (GIBCO) so-
lution. Cells were collected and washed three times with
Dulbecco's modified Eagle's medium (DME medium) con-
taining gentamycin (100 ,ug/ml), fungizone (25 ttg/ml), 5%
horse serum, 5% human cord serum, 2.5% bovine calf se-
rum, 0.1% glutamine, and 1% nonessential amino acids
(GIBCO). Cells were resuspended in an appropriate volume
of the medium described above, and 0.2-ml portions (con-
taining 5 x 104 cells) were put into 96 multi-well tissue cul-
ture plates (Nunc, 1-67008). The culture plates were placed
in an incubator at 370C in a water-saturated atmosphere of
10% C02/90% air. The cells were precultured for 4-5 days.
The culture medium was then replaced by 0.2 ml of DME
medium containing samples, and cells were further incu-
bated for 20 hr, an incubation period that is necessary for
reliable measurement of follicle-stimulating hormone
(FSH) released into the medium by the radioimmunoassay.
Eighty- and forty-microliter aliquots of the resulting incu-
bation medium were subjected to radioimmunoassay
of FSH and LH, respectively. The biological potency of nat-
ural and synthetic chicken GnRH-II was determined and

Abbreviations: LH, luteinizing hormone; LHRH, LH-releasing hor-
mone; GnRH, gonadotropin-releasing hormone; chicken GnRH-II,
the second chicken GnRH; FSH, follicle-stimulating hormone.
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compared with that of mammalian LHRH.
Isolation of Chicken GnRH-II. Diced hypothalamic tissues

from 10,000 chickens were boiled for 10 min in 30 liters of 1
M acetic acid and then extracted. The supernatant was
passed through a membrane filter (UH1, Toyo Roshi, Japan)
to remove salts and small molecules (<500 daltons), and
then the content was lyophilized. The dried material was re-
constituted with 1 M acetic acid and treated batchwise with
SP-Sephadex C-25 (free form). Adsorbed material was first
eluted with 2 M pyridine solution and then with 2 M pyridine
acetate buffer (pH 5.0). Chicken LHRH was eluted in the 2
M pyridine fraction, while chicken GnRH-II emerged in the
2 M pyridine acetate (pH 5.0) fraction. The material, which
was eluted in the 2 M pyridine acetate buffer, was then sub-
mitted to gel filtration on Sephadex G-25. The active portion
(a range of 1.9-2.7 x hold-up volume) was lyophilized and
then applied on an ion-exchange HPLC column (4.0 x 300
mm, TSK IEX530 CM SIL, Toyo Soda, Japan). The column
was eluted with 10% CH3CN, using a linear gradient elution
of ammonium formate (pH 4.7) from 10 mM to 0.5 M. The
active portion (Fig. 1, black bar) was finally purified by re-
verse-phase HPLC on a TSK LS410 C18 column (4.0 x 250
mm, Toyo Soda). The column was eluted with 0.1% trifluo-
roacetic acid by using a linear gradient elution of CH3CN
from 10%o to 60% (Fig. 2). The column was monitored by
measuring absorbance at 210 nm and 280 nm.
Enzymatic Digestion of Chicken GnRH-II. Natural chicken

GnRH-II (1 Ag) was digested with 2 Ag of a-chymotrypsin
(Sigma) in 5 A.l of 0.2 M N-ethylmorpholin acetate buffer (pH
8.0) at 370C for 4 hr. The digest was then applied to a HPLC
column (Chemcosorb C18, 3 Am) and eluted with 0.1% tri-
fluoroacetic acid, using a linear gradient elution of CH3CN
from 0% to 60% at a flow rate of 1.0 ml/min. Thermolytic
digestion was also performed, and the resulting digest was
submitted to HPLC under the conditions described above.
Chymotryptic (designated ChT-I to ChT-IV) and thermolytic
(designated Th-I and Th-II) peptides derived from the start-
ing peptide were isolated on the HPLC system and were
used for structural analysis.
Amino Acid Analysis. Peptides (0.3-1.0 nmol) were hydro-
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FIG. 1. Cation-exchange HPLC of a small peptide portion ob-
tained after Sephadex G-25 gel filtration of the chicken hypothalam-
ic extract, followed by batchwise treatment with SP-Sephadex C-25
(free form). Column: 4.0 x 300 mm, TSK IEX530 CM SIL (cation
exchange); solvent system: a linear gradient (80 min; flow rate, 1.0
ml/min) from 10 mM ammonium formate, pH 4.7/CH3CN, 90:10
(vol/vol), to 0.5 M ammonium formate, pH 4.7/CH3CN, 90:10 (vol/
vol). The active portion is marked with a black bar. Arrows indicate
the elution positions of chicken LHRH (1) and mammalian LHRH
(2).
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FIG. 2. Final purification of chicken GnRH-11 on a reverse-
phase HPLC column. Column: 4.0 x 250 mm, TSK-LS410 C-18;
solvent system: a linear gradient (80 min; flow rate, 2.0 ml/min)
from 0.1% trifluoroacetic acid/CH3CN, 90:10 (vol/vol), to 0.1% tri-
fluoroacetic acid/CH3CN, 40:60 (vol/vol). The active portion is
marked with a black bar.

lyzed in 6 M HCI containing 0.1% 2-mercaptoethanol at
110'C for 20 hr. The hydrolysates were analyzed on a Hita-
chi 835 amino acid analyzer.
Terminal Analyses. All peptides (100-300 pmol) were used

in NH2-terminal analysis by dansylation as described (8).
About 200 pmol of COOH-terminal peptide derived from
thermolytic cleavage (Th-II) was digested with postproline-
cleaving enzyme (Seikagaku Kogyo, Japan), and liberated
COOH-terminal Gly-NH2 was identified as dansyl-Gly-NH2
by the method of Tatemoto and Mutt (9).
NH2-terminal analysis was also carried out by subtractive

Edman degradation with a sensitive amino acid analyzing
system in which amino acids were prelabeled with o-phthal-
aldehyde in the presence of 2-mercaptoethanol (10).

Synthesis of Chicken GnRH-II. Chicken GnRH-II with the
structure of pGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-
NH2 was synthesized by solid-phase techniques conducted
on a p-methylbenzhydrylamine resin for the purpose of
structural identification. The crude peptide preparation ob-
tained after HF treatment was incubated in 1% piperidine
solution (pH 10.0) at 370C for 2 hr to remove formyl groups
from the two tryptophan residues and then purified on a re-
verse-phase HPLC column. Purity of the peptide was veri-
fied by HPLC. Amino acid analyses and sequencing of the
peptide confirmed correct synthesis.
Comparison of Natural and Synthetic Chicken GnRH-II on

HPLC. Synthetic chicken GnRH-II was also digested with
chymotrypsin and thermolysin, and the digests were ana-
lyzed by the HPLC system under exactly the same condi-
tions as applied for the natural preparation.

RESULTS
Isolation of Chicken GnRH-II. Chicken GnRH-II was well

separated from chicken LHRH, which had been isolated and
characterized in our laboratory (3, 4), at an early stage of
purification. On a SP-Sephadex G-25 column, chicken
GnRH-JI was eluted with 2 M pyridine acetate buffer (pH
5.0), while chicken LHRH was eluted with 2 M pyridine.
Chicken GnRH-II emerged at a fairly retarded position,
compared with authentic chicken LHRH and mammalian
LHRH on a cation-exchange HPLC column (Fig. 1), indicat-
ing its strong hydrophobic interaction with the column.
The active portion was finally purified on a reverse-phase

HPLC column (Fig. 2). The pure peptide was obtained in a
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Table 1. Amino acid compositions of peptides derived from chicken GnRH-II

Amino acid GnRH-II ChT-I ChT-II ChT-III ChT-IV Th-I Th-II

Ser 1.25 (1) 1QO (1) 1.20 (1)
Glx 1.00 (1) 1.00 (1) 1.00 (1)
Pro 1.01 (1) - 1.00 (1) 0.75 (1) 1.12 (1)
Gly 2.00 (2) 1.05 (1) 1.22 (1) 2.07 (2) - 2.00 (2)
Tyr 0.96 (1) 0.83 (1) 1.00 (1) 1.00 (1)
His 1.56 (2) 0,83 (1) 0.85 (1) - 0.97 (1) 0.92 (1)
Trp* 0.54 (2) 0.20 (1) + (1) 0.67 (1) 0.42 (1) 0.69 (1)

No. of residues 10 3 4 3 7 3 5

ChT, chymotrypsin; Th, thermolysin.
*Tryptophan residues were partly destroyed under the hydrolytic conditions described in the text. The
integral numbers of tryptophan residues in parentheses were also deduced by simultaneously moni-
toring the ratios of absorbance of the peptides at 210 nm and 280 nm.

yield of 7 Ag (based upon its amino acid analysis) starting
from 10,000 fragments of chicken hypothalami.
When rat anterior pituitary cells were used for the bioas-

say, 60% of the total activity in chicken hypothalamic ex-
tract was due to GnRH-II.

Structure of Chicken GnRH-II. The amino acid analysis
(Table 1) indicates that chicken GnRH-II is a decapeptidp.
HPLC patterns of thermolytic and chymotryptic digests of

natural chicken GnRH-II are shown in Fig. 3 Left Middle
and Left Bottom, respectively. Chymotryptic digestion re-
sulted in the formation of four peptide fragments (ChT-I to
ChT-IV), and thermolytic digestion gave two fragments (Th-
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FIG. 3. Reverse-phase HPLC of natural (Top Lefst) and synthetic
(Top Right) chicken GnRH-11, thermolytic fragments of natural
(Middle Left) and synthetic (Middle Right) GnRH-11, and chymo-
tryptic fragments of natural (Bottom Left) and synthetic (Bottom
Right) decapsptide. Sample loaded: 50 ng of natural and synthetic
GnRH-II (Top Left and Right, respectively), thermolytic digest of
natural (2 fig) and synthetic GnRH-11 (1 ,ug) (Middle Left and Right,
respectively), and chymotryptic digest of natural (1 gig) and'synthet-
ic GnRH-11 (1 Aig) (Bottom Left and Right, respectively). Column:
Chemcosorb C18 3 /im (4.6 x 75 mm); elution: a linear gradient of
0.1% trifluoroacetic acid containing CH3CH, from 05% to, 60%o; flow
rate,: 1 ml/miin. Arrows indicate elution positions of isolated peptide
fragments'. See Table 1 and Fig. 4.

I and Th-II) along with a small amount of unreacted starting
peptide (N). Amino acid compositions of these peptides are
listed in Table 1.
The complete structure of chicken GnRH-II has been de-

termined on the basis of the amino acid compositions of
these peptide fragments, along with the results of their termi-
nal analyses (Fig. 4). It is notable that the linkages of Trp3-
Ser4 and His5-Gly6 were predominantly cleaved with ther-
molysin in this case. Because of the hydrophobic nature of
this peptide, the solubility of the peptide in the digestion
buffer was limited, and a large amount of proteolytic en-
zymes (2 atg per 5 ILI) were required to cleave it quantitative-
ly.

Further structural confirmation is provided by chromato-
graphic comparison of the synthetic chicken GnRH-II with
the natural preparation, as shown in Fig. 3 Left Top and
Right Top, in which the two peptides are eluted at exactly
the same position. In addition, it is obvious that synthetic
chicken GnRH-II undergoes enzymatic cleavage (Fig. 3
Right Middle and Bottom) in a manner identical with the nat-
ural preparation (Fig. 3 Left Middle and Bottom).

Consequently, the identity of natural chicken GnRH-II
with the synthetic decapeptide has definitely been con-
firmed. Furthermore, the gonadotropin-releasing activity of
the synthetic chicken GnRH-II was also found to show a
good agreement with that of the natural preparation (Fig. 5).
When rat anterior pituitary cells were used for the bioassay,
the LH-releasing potency of chicken GnRH-II was about
32% of that of mammalian LHRH, and it was about 8 times
more potent than chicken LHRH. This peptide also can
stimulate the secretion of FSH as well as LH in vitro, and the
relative LH- and FSH-releasing potency of chicken QnRH-II
is summarized in Table 2 together with those of mammalian
and chicken LHRH.

DISCUSSION
A naturally occurring GnRH distinct from mammalian
LHRH was first isolated from chicken hypothalamus and
characterized as [Gln8]LHRH by our group (3, 4) and King
and Millar (5-7). Quite recently Sherwood et al. (11) report-
ed the chemical structure of salmon GnRH.

pGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-NH2

|- ChT-I--I- ChT-II-- -I ChT-III-
l- ChT-IV

I - Th-I | Th-I

FIG. 4. Structure of chicken GoRH-II. ChT, chymotryptic pep-
tides; Th, thermolytic peptides; -, determined by Dansyl proce-
dure; ----,, determined by postproline-cleaving enzyme treatment
followed by dansylation.
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FIG. 5. Effect of natural (e) and synthetic (o) chicken GnRH-II
on the secretion of LH by monolayer culture of rat pituitary cells.
Day 4 cultures were incubated with natural or synthetic chicken
GnRH-I1 in 0.2 ml of medium for 24 hr at 370C. The data are shown
as the means of triplicate determinations. -----, Dose-response
curve of mammalian LHRH.

Naturally occurring GnRHs characterized so far are
shown in Fig. 6, including chicken GnRH-II.
Gonadotropin secretion in mammalian species has been

believed to be regulated by the sole GnRH mammalian
LHRH. However, we have demonstrated that the secretion
of FSH under certain physiological and experimental condi-
tions is not controlled by mammalian LHRH in rats (2). It
might be possible that another gonadotropin-releasing factor
distinct from mammalian LHRH is present and functions in
mammalian hypothalamus to control the physiological secre-
tion of LH and FSH. However, no structural evidence has
been reported indicating that two distinct GnRHs coexist
and function in the hypothalamus of mammalian species as
well as in the brain of any other submammalian vertebrates.
The present report demonstrates that two distinct GnRHs

exist in one species, suggesting that gonadotropin secretion
is probably regulated by a dual mechanism. We also have
observed that two or more than two gonadotropin-releasing
substances chromatographically distinguished from each
other coexist in frog and rat brains as well as in porcine hy-
pothalamus (unpublished data). It seems likely that a multi-
ple system of GnRHs exists not only in chicken hypothala-
mus but also in the hypothalamus of other mammalian and
submammalian vertebrates.
The systematic study of structure-activity relationship in

the LHRH molecule using synthetic analogs of LHRH (12)
has revealed that the major structural moieties important for
the bioactivity are the NH2-terminal sequence pGlu-His-
Trp, the 6 position (Gly), and the COOH-terminal moiety of
Pro-Gly-NH2. As shown in Fig. 6, the above structure-ac-
tivity relationship is also preserved in the case of the natural
GnRHs-that is, the length of the chain, the NH2 and
COOH termini, and amino acids in positions 1-4, 6, 9, and 10
are stable throughout the four GnRHs.

It is notable in Fig. 6 that three of the four GnRHs, mam-

Table 2. Relative LH- and FSH-releasing potencies of the
peptides acting on rat pituitary cells

Peptide LH FSH

Mammalian LHRH 1.00 1.00
Chicken GnRH-II 0.32 0.41
Chicken LHRH 0.034 0.032

The potency of mammalian LHRH is taken as 1.00.

chicken GnRH-II; pGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-NH2

chicken LH-RH; pGlu-His-Trp-Ser-Tyr-Gly-Leu-Gln-Pro-Gly-NH2 (1-5)

mammalian LH-RH; pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 (6)

teleost Gn-RH; pGlu-His-Trp-Ser-Tyr-Gly-Trp-Leu-Pro-Gly-NHI2 (9)

FIG. 6. Structures of naturally occurring GnRHs.

malian LHRH, chicken LHRH, and salmon GnRH are con-
vertible from each other by single-base changes in genetic
codons. The Gln residue in chicken LHRH can be converted
to an Arg or Leu residue of mammalian LHRH or salmon
GnRH by a single base nucleotide substitution, respectively.
The Trp residue at position 7 of salmon GnRH is also con-
vertible to the Leu residue of mammalian or chicken LHRH
in that way. On the other hand, chicken GnRH-II is unable
to be converted to the other three GnRHs by point mutation.
The Tyr residue at position 8 of chicken GnRH-II is not con-
vertible to the respective amino acids of the other three
GnRHs by a single-base nucleotide substitution. These ob-
servations suggest that the evolution of chicken GnRH-II
has occurred at an early stage of development compared
with those of the other three GnRHs.
The structural characteristics of chicken GnRH-II also has

been shown by the fact that thermolysin treatment gave rise
to only two major peptides, v Aereas no less than five frag-
ments were obtained after cleavage of chicken LHRH by
this enzyme (4). The hydrophobic or adsorptive nature of
this peptide might be one of the reasons for such a phenome-
non because the solubility of the peptide in the digestion
buffer was limited and a large amount of proteolytic en-
zymes were required to cleave it quantitatively.

It has been established that there exist multihormone pre-
cursors, such as the corticotropin-/3-lipotropin precursor
(13), the adrenal preproenkephalin (14), and the /3-neo-en-
dorphin-dynorphin precursor (15), from which hormones or
opioid peptides are produced by their specific processing en-
zymes. It is also possible that the two GnRHs, chicken
LHRH and GnRH-II, are involved in a common precursor
molecule.
Two gonadotropins, FSH and LH, are present not only in

mammalian but also in submammalian species, such as
birds, reptiles, and amphibians (16). The regulation of the
two gonadotropins in these species is still unclear.
The ratio of LH- and FSH-releasing activity of chicken

GnRH-II is similar to that of mammalian LHRH, when rat
anterior pituitary cells were used for the bioassay. However,
the LH- and FSH-releasing potency of chicken GnRH-II
may be different when chicken pituitary cells and chicken
LH and FSH radioimmunoassay systems are used.
We speculate that two GnRHs in chicken hypothalamus,

chicken LHRH and chicken GnRH-II, may serve as LHRH
and FSH-releasing hormone, respectively, in avian species.
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